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(57) ABSTRACT 

A system, method and apparatus for Supporting enhanced 
911 (E911) emergency services, in a data communications 
network that includes Voice over Internet Protocol (VoIP) 
telephones. A network system includes a host network 
communicatively coupled to an E911 database management 
system, a network access device, and a VoIP telephone 
communicatively coupled to an input port of the network 
access device. The network access device is adapted to 
assign a physical location identifier to an input port, to 
authenticate the VoIP telephone, wherein the authentication 
includes receiving a unique device identifier from the VoIP 
telephone, and to transmit the location identifier and the 
unique device identifier to the E911 database management 
system. The E911 database management system is permitted 
to store the physical location identifier in association with 
the unique device identifier. 
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SYSTEM, METHOD AND APPARATUS FOR 
SUPPORTNG E911 EMERGENCY SERVICES IN A 

DATA COMMUNICATIONS NETWORK 

BACKGROUND OF THE INVENTION 

0001) 1. Field of the Invention 
0002 The present invention is generally directed to Voice 
over Internet Protocol (VoIP) telephony. In particular, the 
present invention is directed to supporting enhanced 911 
(E911) emergency services in a data communications net 
work that includes VoIP telephones. 
0003 2. Background 
0004 Internet Protocol (IP) telephony is an important 
part of the convergence of data, Voice and broadband 
services into a single integrated information environment. 
Voice over Internet Protocol (VoIP) refers to an organized 
effort to standardize IP telephony and is a term used in IP 
telephony for a set of facilities for managing the delivery of 
voice information using the Internet Protocol. In IP tele 
phony, Voice information is transmitted in discrete packets 
over shared bandwidth, rather than over the traditional 
circuit driven protocol used by the traditional Public 
Switched Telephone Network (PSTN). The goal of VoIP is 
to use the Internet environment, which was not designed to 
provide traditional “toll Quality of Service (QoS) for 
telephony, to provide the same high quality voice transmis 
sion that the traditional PSTN currently enjoys. IP telephony 
service providers include, or soon will include, local tele 
phone companies, long distance providers, cable TV com 
panies, Internet service providers (ISPs), wireless service 
providers and fixed wireless local loop service operators. 
0005. As VoIP efforts progress, the first VoIP telephones 
are becoming commercially available. VoIP telephones offer 
flexibility not available in traditional plain old telephones 
(POTS). For instance, like a laptop computer, a VoIP tele 
phone can be easily moved from one point of network access 
to another without the assistance of a telephony administra 
tor, and without having to change its identifying character 
istics. Such identifying characteristics may include a tele 
phone number, an IP address, and/or a media access control 
(MAC) address. While such ease of access may be desirable 
from an end user perspective, it creates significant concerns 
from the perspective of providing mission critical services 
Such as enhanced emergency services, also known as E911. 
0006 The 3-digit telephone number 9-1-1 has been des 
ignated for public use throughout the United States and 
Canada to report an emergency, request emergency assis 
tance, or both. By dialing 9-1-1, a person is provided direct 
access to a Public Safety Answering Point (PSAP). A PSAP 
is an agency or group of agencies designated and authorized 
to receive and respond to emergency calls requiring one or 
more public services, such as Police, Fire or Emergency 
Medical Service. Because the 9-1-1 number does not 
change, and there are thousands of PSAP's in the United 
States and Canada, it is vital that 9-1-1 calls are routed to the 
appropriate PSAP i.e., the one closest to the location 
where the call originates. Traditionally, before the advent of 
mobile telephones, a telephony administrator, normally 
working for the local telephony Service provider, automati 
cally routed calls from a fixed telephone to the nearest PSAP. 
Because a telephony administrator was required to move a 
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user's extension from one location to another, the adminis 
trator could also ensure proper routing of 9-1-1 calls. 
0007 With the advent of mobile telephones, a new sys 
tem was necessary. This led to the advent of enhanced 
emergency services, or enhanced 911 (E911). The main 
characteristic of E911 service is the capability to selectively 
route a 9-1-1 call originating from any device (mobile and 
fixed alike) in the E911 service area to the correct PSAP 
designated to serve the originating devices location. 
Another key feature of E911 is that it also provides the PSAP 
operator with the location of the calling device and a 
callback number. These enhanced features are implemented 
primarily through the use of Selective Routing (SR), and 
maintenance of an Automatic Location Identification (ALI) 
database. Selective Routing refers to the routing of a 9-1-1 
call to the proper PSAP based upon the location of the caller. 
The ALI database, which is regularly updated to match 
telephone numbers to physical locations, works within a 
database management system to automatically provide the 
PSAP operator the physical location of the calling device 
and a callback number. 

0008. The ability to support E911 services is mandated in 
many states. In a VoIP environment, it is possible for a user 
to successfully move their IP phone from one network 
access point to another without notifying the telephony 
administrator. In this case, the telephony administrator 
would be unable to update the ALI database with the new 
location of the user and as a result, the ALI database would 
not contain the new location of that user. The ability to 
provide physical location information to update E911 ser 
vice database is available for VoIP deployment, but conven 
tional Solutions are proprietary, and require the user to 
choose the same vendor to provide, upgrade, and replace key 
system components. The concern with this approach is that 
it does not allow users to take advantage of industry inno 
Vations. Instead, customers are forced to rely on products 
from a single vendor. 
0009. It would be beneficial, then, to provide integration 
between a network infrastructure for E911 services and VoIP 
telephones that is based on industry standards, rather than 
proprietary technologies. It would also be beneficial to 
provide a system, method and apparatus for Supporting E911 
emergency services in a data communications network by 
automatically updating an ALI database each time a user 
changes the location of a VoIP telephone within the network. 

BRIEF SUMMARY OF THE INVENTION 

0010. The present invention is directed to a network 
system, method and apparatus that Substantially obviates, 
one or more of the problems and disadvantages of the related 
art. In particular, the present invention is directed to a 
system, method and apparatus for Supporting enhanced 911 
(E911) emergency services in a data communications net 
work by facilitating the identification of a physical location 
of a VoIP telephone. 
0011. A method of supporting E911 emergency services 
in a network access device in accordance with an embodi 
ment of the present invention includes assigning a physical 
location identifier to an input port of the network access 
device, detecting a Voice over Internet Protocol (VoIP) 
telephone coupled to the input port, authenticating the VoIP 
telephone, wherein authenticating includes receiving a 
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unique device identifier from the VoIP telephone, and trans 
mitting the unique device identifier and the physical location 
identifier to an E911 database management system. This 
method permits the E911 database management system to 
store the physical location identifier in association with the 
unique device identifier. Preferably, the authentication of the 
VoIP telephone is performed in accordance with an industry 
recognized protocol, such as IEEE 802.1X. 

0012. An embodiment of the present invention also 
includes a network access device that supports E911 emer 
gency services. The device includes an input port, a Switch 
ing fabric for routing data received via the input port to at 
least one output port, and control logic. The control logic is 
adapted to assign a physical location identifier to the input 
port, to authenticate a VoIP telephone when the VoIP tele 
phone is coupled to the input port, wherein the authentica 
tion includes receiving a unique device identifier from the 
VoIP telephone, and to transmit the unique device identifier 
with the physical location identifier to an E911 database 
management system. This permits the E911 database man 
agement system to store the physical location identifier in 
association with the unique device identifier. Preferably, the 
authentication of the VoIP telephone is performed in accor 
dance with an industry-recognized protocol. Such as IEEE 
802.1X. 

0013 An embodiment of the present invention further 
includes a network system for Supporting E911 emergency 
services. The network system includes a host network, a 
network access device, and a VoIP telephone. The host 
network is communicatively coupled to an E911 database 
management system. The network access device is commu 
nicatively coupled to the host network. The VoIP telephone 
is communicatively coupled to an input port of the network 
access device. The network access device is adapted to 
assign a physical location identifier to the input port, to 
authenticate the VoIP telephone, wherein the authentication 
includes receiving a unique device identifier from the VoIP 
telephone, and to transmit the location identifier and the 
unique device identifier to the E911 database management 
system. This permits the E911 database management system 
to store the physical location identifier in association with 
the unique device identifier. Preferably, the authentication of 
the VoIP telephone is performed in accordance with an 
industry-recognized protocol, such as IEEE 802.1X. 

0014 Yet another embodiment of the invention includes 
a method of supporting enhanced 911 (E911) emergency 
services that leverages an industry standard management 
information protocol. The method includes assigning a 
physical location identifier to an input port of a network 
access device. The network access device transmits an 
automatic report to an E911 database management system 
(DBMS) when a user device is coupled to the input port. 
Next, the network access device transmits a unique device 
identifier of the user device to the E911 DBMS in response 
to an identification query from the E911 DBMS. If the user 
device is a VoIP telephone, then the network access device 
transmits the physical location identifier to the E911 DBMS 
in response to a physical location query from the E911 
DBMS. The above method allows the E911 DBMS to 
automatically update an automatic location identification 
database with the physical location of the VoIP telephone. 
00.15 Embodiments of the present invention are an 
improvement over conventional Solutions because they pro 
vide a standards-based manner for complying with E911 
requirements that avoids reliance on proprietary technology. 
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0016 Further features and advantages of the invention, as 
well as the structure and operation of various embodiments 
of the invention, are described in detail below with reference 
to the accompanying drawings. It is noted that the invention 
is not limited to the specific embodiments described herein. 
Such embodiments are presented herein for illustrative pur 
poses only. Additional embodiments will be apparent to 
persons skilled in the relevant art(s) based on the teachings 
contained herein. 

BRIEF DESCRIPTION OF THE 
DRAWINGSFFIGURES 

0017. The accompanying drawings, which are incorpo 
rated herein and form part of the specification, illustrate the 
present invention and, together with the description, further 
serve to explain the principles of the invention and to enable 
a person skilled in the relevant art(s) to make and use the 
invention. 

0018 FIG. 1 depicts the basic elements of a data com 
munications system in accordance with an embodiment of 
the present invention. 
0019 FIG. 2 depicts an exemplary high-level architecture 
of a network access device in accordance with an embodi 
ment of the present invention 
0020 FIG.3 depicts an exemplary high-level architecture 
of a Voice over Internet Protocol (VoIP) telephone in accor 
dance with an embodiment of the present invention. 
0021 FIG. 4 is a flowchart describing a method for 
Supporting enhanced 911 (E911) emergency services in a 
data communications network that includes VoIP telephones 
in accordance with an embodiment of the present invention. 
0022 FIGS. 5A and 5B are flowcharts describing a 
method for Supporting E911 emergency services in a data 
communications network that includes a VoIP telephone, a 
network access device, and an E911 database management 
system that Support an industry standard management infor 
mation protocol in accordance with an embodiment of the 
present invention. 
0023 The features and advantages of the present inven 
tion will become more apparent from the detailed descrip 
tion set forth below when taken in conjunction with the 
drawings, in which like reference characters identify corre 
sponding elements throughout. In the drawings, like refer 
ence numbers generally indicate identical, functionally simi 
lar, and/or structurally similar elements. The drawings in 
which an element first appears is indicated by the leftmost 
digit(s) in the corresponding reference number. 

DETAILED DESCRIPTION OF THE 
INVENTION 

A. Overview 

0024. The present invention provides a system, method 
and apparatus for Supporting enhanced 911 (E911) emer 
gency services in a data communications network that 
includes Voice over Internet Protocol (VoIP) telephones, by 
facilitating the identification of a physical location of a VoIP 
telephone. An embodiment of the invention allows a host 
network to comply with E911 requirements using a stan 
dards-based approach that is, independent of proprietary 
technologies used by the host network. Specifically, infor 
mation obtained from a VoIP telephone by a network access 
device during execution of a standard user authentication 
protocol is coupled with port location information to auto 
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matically update an Automatic Location Information (ALI) 
database of the E911 vendor. Such an automatic update 
provides comprehensive location details for each VoIP tele 
phone connected to the host network. In a preferred embodi 
ment, information obtained during execution of a user 
authentication protocol in accordance with the IEEE 802.1X 
standard is used to comply with E911 requirements. 
0025. An alternate embodiment allows a host network to 
comply with E911 requirements using an industry standard 
protocol that facilitates the automatic exchange of manage 
ment information between network devices. Preferably, the 
Simple Network Management Protocol (SNMP) is used to 
automatically provide comprehensive location details for 
each VoIP telephone connected to the host network directly 
to the E911 database management system 137 of the E911 
vendor. 

B. Exemplary Operating Environment 
0026 FIG. 1 depicts the basic elements of an integrated 
modern Voice and data communications system 100 in 
which an embodiment of the present invention may operate. 
As shown in FIG. 1, system 100 comprises a local data 
communications network 101, which is communicatively 
coupled to an E911 network 103, a public telephone network 
105, and the Internet 107. These networks and devices 
included therein are described in more detail herein. 

0027) 
0028 Local data communications network 101 com 
prises a plurality of network nodes interconnected via a 
wired and/or wireless medium. Each node consists of a 
device capable of transmitting or receiving data over a host 
network 104. Local data communications network 101 may 
exist, for example, in a business enterprise Such as a law 
firm, an engineering company, or an Internet based store. As 
shown in FIG. 1, local data communications network 101 
comprises host network 104, a network access device 102 
communicatively coupled to host network 104, and a VoIP 
telephone 108 communicatively coupled to network access 
device 102. Local data communications network 101 also 
includes a local identification server (LIS) 110, an authen 
tication server 112, and a gateway 106 to public telephone 
network 105. 

0029. In the embodiment described herein, host network 
104 comprises a conventional local area network (“LAN”) 
that employs an Ethernet communication protocol in accor 
dance with the IEEE 802.3 standard for data link and 
physical layer functions. However, the invention is not so 
limited, and host network 104 may comprise other types of 
networks, including but not limited to a wide area network 
(“WAN”), and other types of communication protocols, 
including but not limited to ATM, token ring, ARCNET, or 
FDDI (Fiber Distributed Data Interface) protocols. 
0030 Network access device 102, which preferably com 
prises a network Switch, is a device that comprises a 
plurality of ports for communicatively interconnecting net 
work devices to each other and to host network 104. 
Network access device 102 is configured to channel data 
units, such as data packets or frames, between any two 
devices that are attached to it up to its maximum number of 
ports. In terms of the International Standards Organizations 
Open Systems Interconnection (OSI) model, network access 
device 102 performs layer 2, or data link layer, functions. In 
particular, network access device 102 examines each 
received data unit and, based on a destination address 
included therein, determines which network device the data 

1. Local Data Communications Network 

Nov. 1, 2007 

unit is intended for and Switches it out toward that device. 
Network access device 102 is described in more detail 
herein with respect to FIG. 2. 
0031. As depicted in FIG. 1, VoIP telephone 108 is 
communicatively coupled to one of the ports of network 
access device 102. As will be appreciated by persons skilled 
in the relevant art(s), VoIP telephone 108 enables a user to 
place and receive VoIP telephone calls via local data com 
munications network 104. VoIP telephone 108 is described 
in more detail herein with respect to FIG. 3. 
0032) Authentication server 112 comprises a computer 
that stores application Software and a database of profile 
information for performing a user authentication protocol, 
Such as a user authentication protocol in accordance with the 
IEEE 802.1X standard. In an embodiment, authentication 
server 112 comprises a server that uses the Remote Authen 
tication Dial-In User Service (RADIUS) as set forth in 
Internet Engineering Task Force (IETF) Request For Com 
ments (RFC) 2865 for performing user authentication func 
tions. 

0033) Local identification server (LIS) 110 is a device 
administered by the host network administrator. LIS 110 is 
configured with data that provides an association between 
physical port connections and location information. LIS 110 
permits a network administrator to collect and store a 
complete host network 104 infrastructure inventory, includ 
ing all network access devices 102 and their complete 
configuration, as well as device addresses (MAC and IP). 
This information can then be used to feed an E911 database 
management system 137 with device location information. 
Once the inventory has been collected, the E911 database 
management system 137 can use industry-standard Struc 
tured Query Language (SQL) to determine the location of all 
VoIP telephones. Alternatively, Simple Network Manage 
ment Protocol (SNMP) can be used to determine the location 
of all VoIP telephones. 
0034) 2. Enhanced 911 (E911) Network 
0035) Enhanced 911 (E911) network 103 is an example 
of a conventional E911 network, the structure and function 
of which are well-known in the art. As shown in FIG. 1, 
E911 network 103 comprises a selective router 131 and a 
local Public Service Answering Point (PSAP) 135. Selective 
router 131 (also referred to as an enhanced 911 control 
office) is communicatively coupled to a selective router 
database 133. Selective router 131 uses selective router 
database 133 to provide for the tandem switching of 9-1-1 
calls and to ensure the routing of a 9-1-1 call to the proper 
PSAP along with an automatic number identification (ANI). 
The ANI is the telephone number associated with the access 
line from which a call originates. Selective router 131 also 
provides certain maintenance functions for each PSAP. 
003.6 Local PSAP135 is communicatively coupled to an 
Automatic Location Identification (ALI) database 139. ALI 
database 139 is a database that uniquely correlates an ANI 
with a physical location for each telephone connected to the 
local network. Once a 9-1-1 call is routed to local PSAP135, 
local PSAP 135 communicates with ALI database 139 to 
automatically display the physical location and telephone 
number of the telephone being used to make the 9-1-1 call. 
Such information allows the PSAP operator to direct the 
requested services to the proper location, and allows the 
PSAP operator to call back in the event the connection is 
lost, or more information is needed. ALI database 139 also 
provides, Supplementary emergency services information. 
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0037. An E911 database management system 137 keeps 
the data stored in ALI database 139 up-to-date. Typically, the 
E911 database management system 137 uses the Transmis 
sion Control Protocol/Internet Protocol (TCP/IP) protocol 
suite to facilitate the exchange of information between 
network devices such as the local PSAP 135 and the ALI 
database 139. The TCP/IP protocol suite includes an appli 
cation layer called the Simple Network Management Pro 
tocol (SNMP), which facilitates the automatic exchange of 
management information. 
0038. The task of ensuring that the data stored in the ALI 
database 139 is up-to-date is generally the responsibility of 
telephony administrators. This is typically accomplished via 
periodic updates from telephony administrators. Such an 
approach requires telephony administrators to have a com 
plete awareness of the physical location of a given telephone 
at any point in time. Consequently, in a case where a user 
moves a VoIP telephone 108 from one point of network 
access to another without informing a telephony adminis 
trator, ALI database 139 may become out-of-date and, 
therefore, unreliable. As will be described in more detail 
herein, an embodiment of the present invention addresses 
this problem by facilitating automatic updates of ALI data 
base 139 in instances where a user moves a VoIP telephone 
108 to a new point of network access. 
0039) 3. PSTN Network 
0040 Public telephone system 105 is an example of a 
conventional public telephone system, the structure and 
function of which are well-known in the art. As shown in 
FIG. 1, public telephone system 105 comprises a Public 
Switched Telephone Network 151, and a plurality of plain 
old telephones (POTS) 153. Gateway 106 provides the 
interface between the host network 104, which comprises a 
packet-switched network, and the PSTN 151, which com 
prises a circuit-switched network, so that voice communi 
cation may beachieved between POTS phones 153 and VoIP 
telephones within data communications network 101, such 
as VoIP telephone 108. 
C. Network Access Device in Accordance with an Embodi 
ment of the Present Invention 

0041 FIG. 2 depicts an exemplary high-level architecture 
of network access device 102 in accordance with an embodi 
ment of the present invention. As shown in FIG. 2, network 
access device 102 comprises a plurality of input ports, 
204a-204n, that are coupled to a plurality of output ports, 
206a through 206n, via a switching fabric 202. Network 
access device 102 also includes control logic 208 for con 
trolling various aspects of Switch operation and a user 
interface 210 to facilitate communication with control logic 
208. User interface 210 provides a means for a user, such as 
a system administrator, to reconfigure the network access 
device 102 and adjust operating parameters. 

0042. In operation, data units (e.g., packets or frames) are 
received and optionally buffered on one or more of input 
ports 204a through 204n. Control logic 208 schedules the 
serving of data units received by input ports 204a-204n in 
accordance with a predetermined scheduling algorithm. 
Data units are then served to switching fabric 202, which 
routes them to the appropriate output port 206a-206.n based 
on, for example, the destination address of the data unit. 
Output ports 206a-206n receive and optionally buffer data 
units from switching fabric 202, and then transmit them on 
to a destination device. In accordance with an embodiment 
of the present invention, network access device 102 may 
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also include logic 208 for performing routing functions 
(layer 3 or network layer functions in OSI). 

0043 Control logic 208 can be configured to assign (i.e., 
store in memory unit) a physical location identifier for each 
input port 204a-204n. The physical location identifier is the 
actual physical location of a termination point for a particu 
lar input port. This is accomplished through a command 
level interface (CLI) instruction, described in more detail 
herein. Control logic 208 can be also be configured to 
execute a user authentication protocol (e.g., IEEE 802.1X) 
whenever a device is coupled to one of the input ports 
204a-204n. Control logic 208 can also be configured to 
support the TCP/IP protocol suite, which includes the SNMP 
application layer. Execution of a user authentication proto 
col and use of SNMP are described in more detail herein. 

D. Voice over Internet Protocol (VoIP) Telephone in Accor 
dance with an Embodiment of the Present Invention 

0044 FIG. 3 depicts a VoIP telephone 108 in accordance 
with an embodiment of the present invention. VoIP tele 
phone 108 is adapted to transmit and receive data, including 
Voice data, over a data communications network, such as 
host network 104. As shown in FIG. 3, VoIP telephone 108 
includes a user interface 310 coupled to control logic 308, 
which is in turn coupled to a memory unit 330. Memory unit 
330 interfaces with both control logic 308 and a data port 
304, and is used to store identification information which 
includes a telephone number 331, a media access control 
(MAC) address 333 and an Internet Protocol (IP) address 
335, each of which uniquely identifies VoIP telephone 108. 
VoIP telephone 108 further includes a digital signal proces 
sor (DSP) 340 and handset 350 that allow an analog voice 
signal to be relayed to and from data port 304 in digitized 
format in accordance with IP. 

0045. In accordance with an embodiment of the present 
invention, data port 304 of VoIP telephone 108 may be 
communicatively coupled to one of the input ports 204a-n of 
network access device 102, as illustrated in FIG. 1. For 
example, VoIP telephone 108 may be coupled to an RJ-45 
connector, which is in turn-wired to an input port of network 
access device 102. VoIP telephone 108 is highly portable, 
and thus may be readily moved from one point of network 
access to another. 

0046. As described in more detail herein, control logic 
308 of VoIP telephone 108 is advantageously configured to 
Support a user authentication protocol such as, but not 
limited to, a user authentication protocol in accordance with 
the IEEE 802.1X standard. Thus, in an embodiment, when 
coupled to an input port 204a-204n of network access device 
102, VoIP telephone 108 performs the role of an 802.1X 
Supplicant seeking access to host network 104. In another 
embodiment, control logic 308 of VoIP telephone 108 is 
advantageously configured to support the TCP/IP protocol 
suite, of which the SNMP application layer is a part. These 
embodiments are explained more fully below. By supporting 
an industry standard user authentication protocol, or an 
industry standard management information protocol, VoIP 
telephone 108 provides increased flexibility in that it can be 
coupled to a wider variety of host networks. Use of industry 
standard protocols also confers other advantages in accor 
dance with embodiments of the present invention, including 
the ability to more easily comply with E911 requirements. 
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E. Industry Standard Protocols 
0047 
0.048. An embodiment of the present invention uses 
industry standard protocols to automatically identify and 
retrieve identification information from a VoIP telephone 
108 that is coupled to host network 104. In an embodiment, 
the IEEE 802.1X standard is used for this purpose. As will be 
appreciated by persons skilled in the relevant art(s), the 
802.1X standard is a standard for port-based network access 
control for local and metropolitan area networks. Port-based 
network access control makes use of the physical access 
characteristics of IEEE 802(R) Local Area Networks (LAN) 
infrastructures in order to provide a means of authenticating 
and authorizing devices attached to a LAN port that has 
point-to-point connection characteristics. The 802.1X stan 
dard is hereby incorporated by reference in its entirety. 
0049. The 802.1X standard encompasses a user authenti 
cation protocol. A Port Access Entity (PAE) exists for each 
port of a system that uses the 802.1x authentication protocol. 
The operation of the authentication process makes use of the 
Extensible Authentication Protocol (EAP), as specified in 
the Internet Engineering Task Force (IETF) Request For 
Comments (RFC) 2284. EAP provides a means for commu 
nicating authentication information between a PAE Suppli 
cant (device being authenticated) and a PAE Authenticator 
(device doing the authenticating). Put differently, an Authen 
ticator PAE is responsible for enforcing the authentication of 
a Supplicant PAE that is coupled to its controlled port, and 
for controlling the authorization state of the controlled port 
accordingly. Whether a device will be authenticated depends 
on the information stored in an Authentication Server, Such 
as authentication server 112 depicted in FIG. 1. 

1. Authentication Protocol 

0050 EAP is a general protocol that supports multiple 
authentication mechanisms. For example, rather than only 
permitting a predetermined authentication method, EAP 
allows the Authenticator to request various types of infor 
mation before determining the specific authentication 
mechanism. Examples of Such information, called “request 
types, include Identity, MD5-challenge, One-Time Pass 
words, and Generic Token Cart. Moreover, as part of the 
authentication protocol, statistical information regarding the 
current session associated with a port may be solicited. In 
order to Solicit such information, each Such session has a 
User-Name (dot1XAuthSessionUserName) that represents 
the identity of the Supplicant PAE. 
0051. In an embodiment of the present invention, VoIP 
telephone 108 is adapted to act as the Supplicant PAE, while 
network access device 102 is adapted to act as the Authen 
ticator PAE. In a preferred embodiment, VoIP telephone 108, 
is configured to provide the unique telephone number 
assigned to it as its User-Name during participation in the 
802.1X user authentication protocol. As will be discussed in 
more detail below, this allows network access device 102 to 
easily link the telephone number assigned to VoIP telephone 
108 with a physical location identifier associated with VoIP 
telephone 108, such that this information can be automati 
cally transmitted to E911 database management system 137 
or, optionally, to LIS 110 prior to transmission to E911 
database management system 137. 
0.052 2. Network Management Information Protocol 
0053 Another embodiment of the present invention uses 
industry standard information management protocols to 
automatically send and retrieve identification information 
from a VoIP telephone 108 that is coupled to a host network. 
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In an embodiment, the industry standard Simple Network 
Management Protocol (SNMP) is used for this purpose. 
0054 As will be appreciated by those skilled in the art, 
the SNMP is an application layer protocol that facilitates the 
exchange of management information between network 
devices. It is part of the Transmission Control Protocol/ 
Internet Protocol (TCP/IP) protocol suite. SNMP enables 
network administrators to manage network performance, 
find and solve network problems, and plan for network 
growth. 
0055 An SNMP-managed network consists of three key 
components: managed devices, agents, and network-man 
agement systems (NMSs). A managed device is a network 
node that contains an SNMP agent and that resides in a 
managed network. Managed devices collect and store man 
agement information and make this information available to 
NMSs using SNMP. Managed devices can be routers, 
switches, hubs, a network access device 102, or a VoIP 
telephone 108. An agent is a network-management software 
module that resides in a managed device. An agent has local 
knowledge of management information and translates that 
information into a form compatible with SNMP. An NMS 
executes applications that monitor and control managed 
devices. One or more NMSs must exist on any managed 
network. 

0056. There are four basic SNMP commands: read, write, 
trap and traversal operations. The read command is used by 
an NMS to monitor managed devices. The write command 
is used by an NMS to control managed devices by changing 
the value of variables stored therein. The trap command is 
used by managed devices to asynchronously report events to 
the NMS. When certain types of events occur, a managed 
device, such as a network access device 102 or a VoIP 
telephone 108, sends a trap to the NMS. Traversal operations 
are used by the NMS to determine which variables a 
managed device Supports and to sequentially gather infor 
mation in variable tables, such as a routing table. 
0057 Where a VoIP telephone 108, and a network access 
device 102 reside on an SNMP-managed network, SNMP 
can be leveraged to enable compliance with E911 require 
ments where the E911 database management system 137 is 
also an SNMP-managed network. More specifically, SNMP 
may be used to automatically update the E911 ALI database 
139 when a VoIP user changes location within a network. 
This embodiment is discussed in more detail below. 

F. Method for Supporting Enhanced 911 (E911) Emergency 
Services in a Network Access Device in Accordance with an 
Embodiment of the Present Invention 

0058 1. Method Using an Industry Standard Authentica 
tion Protocol 

0059 FIG. 4 illustrates a flowchart 400 of a method for 
Supporting enhanced 911 (E911) emergency services in a 
data communications system 100 that includes VoIP tele 
phones 108 in accordance with an embodiment of the 
present invention. The invention, however, is not limited to 
the description provided by the flowchart 400. Rather, it will 
be apparent to persons skilled in the relevant art(s) from the 
teachings provided herein that other functional flows are 
within the scope and spirit of the present invention. Flow 
chart 400 will be described with continued reference to 
example system 100, example network access device 102, 
and example VoIP telephone 108 described above in refer 
ence to FIGS. 1-3. The invention, however, is not limited to 
those embodiments. 
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0060. The method of flowchart 400 begins at step 405, in 
which a physical location identifier is assigned to one or 
more input ports 204a-204n of network access device 102. 
In an embodiment, a network administrator utilizes user 
interface 210 to associate one or more of input ports 204a 
204n with a physical location identifier. The physical loca 
tion identifier may comprise location information that iden 
tifies a location of a termination point of the port. In an 
embodiment, the physical location identifier is preferably 
embodied in a port-name of the port. For example, a 
command level interface (CLI) configuration for assigning a 
physical location to a port-name is: FES4802 Switch(config 
if-e100-1)iport-name “Building 1, Floor 2, West, Cube 
2202. In this fashion, the location of the termination point 
of each input port 204a-204n of network access device 102 
may be included in its port-name identifier. 

0061 Next, according to step 410, network access device 
102 detects a VoIP telephone 108 as it is coupled to an input 
port 204a-204n. Coupling VoIP telephone 108 to an input 
port 204a-204m may comprise, for example, coupling VoIP 
telephone 108 to an RJ-45 connector, which is in turn wired 
to an input port 204a-204n of network access device 102. At 
this point, a link is established according to a standard user 
access or authentication protocol supported by both VoIP 
telephone 108 and host network 104. In an embodiment, the 
common user authentication protocol is IEEE 802.1X. 
0062) Next, according to step 415, VoIP telephone 108 is 
authenticated in accordance with the user authentication 
protocol. As part of the user authentication protocol, VoIP 
telephone 108 provides a unique device identifier to network 
access device 102. This unique device identifier may com 
prise a physical (MAC) address 333 of VoIP telephone 108, 
an Internet Protocol (IP) address 335 of VoIP telephone 108, 
or a telephone number 331 of VoIP telephone 108. The 
invention, however, is not limited to these identifiers. In an 
embodiment in which the user authentication protocol is the 
802.1X standard, then each authentication session is identi 
fied by a User-Name. In such an embodiment, it is preferable 
that the User-Name include the VoIP telephone number 331, 
so that the VoIP telephone number 331 is provided to 
network access device 102 as part of the standard 802.1X 
user authentication protocol. The User-Name thus becomes 
the unique device identifier. 
0063 Finally, according to step 420, network access 
device 102 transmits the unique device identifier provided 
by VoIP telephone 108 and the physical location identifier 
assigned to the input port 204a-204n to which it is coupled 
to the E911 database management system 137. In an 
embodiment, this information is included in the 802.1X 
User-Name of VoIP telephone 108 and in a port-name of the 
port 204a-204n to which VoIP telephone 108 is coupled. 
Transmission of User-Name and port-name thus permits the 
E911 database management system 137 to update and store 
these identifiers, thereby linking the VoIP telephone number 
331 to its physical location. This method is repeated when 
ever a VoIP telephone 108 is coupled to a network port 204. 

0064. In accordance with this embodiment, the local 
PSAP135 can now access the newly updated ALI database 
by interfacing with the E911 database management system 
137. In the event a 9-1-1 call originates with the VoIP 
telephone 108, the PSAP operator will have an accurate 
location and a call-back telephone number for the VoIP 
telephone 108. The location information, as indicated by the 
physical location identifier, is embodied in the port-name. 
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The telephone number, as indicated by the unique device 
identifier, is embodied in the User-Name of the 802.1X 
authentication session. 

0065. In an alternative embodiment, the User-Name and 
port-name may be transmitted to LIS 110. LIS 110 can then 
periodically communicate with the E911 database manage 
ment system 137 to update the ALI database 139. This 
embodiment allows the host network administrator to track 
the location of a VoIP telephone 108 as it moves from access 
point to access point in host network 104. 
0066 2. Method Using an Industry Standard Information 
Management Protocol. 
0067 FIGS. 5A and 5B are flow charts illustrating a 
method of supporting enhanced 911 (E911) emergency 
services in a data communications system 100 that includes 
VoIP telephones 108. FIG. 5A illustrates the method from 
the perspective of the network access device 102, while FIG. 
5B illustrates the method from the perspective of the E911 
database management system (DBMS). The method is 
applicable where the network access device 102, the VoIP 
telephone 108, the host network 104, and the E911 DBMS 
137 all support the same industry standard information 
management protocol, such as SNMP Description of this 
embodiment of the invention is made with reference to both 
FIGS 5A and 5B. 

0068 According to step 50i of FIG.5A, an input port 204 
of a network Switch 102 is assigned a physical location 
identifier. The physical location identifier typically corre 
sponds to the termination point of the input port 204. 
0069. According, to step 510, the network access device 
102 transmits an automatic report to the E911 DBMS 137 
when a user device, such as VoIP telephone 108, is coupled 
to the input port 204. In one embodiment, the automatic 
report is accomplished through an SNMP trap command. 
The SNMP trap destination is the E911 DBMS 137. As 
described above, an SNMP trap asynchronously reports 
events to the network management system (NMS). In this 
embodiment, the E911 DBMS is an NMS. 
0070 According, to step 515 of FIG. 5B, the automatic 
report is received at the E911 DBMS 137. The E911 DBMS 
137 then automatically transmits an identification query to 
network access device 102, according to step 520. In one 
embodiment, the identification query takes the form of an 
SNMP read command. 

0071. The network access device 102, according to step 
525 of FIG.5A, is configured to respond to the identification 
query from the E911 DBMS by transmitting a unique device 
identifier of the user device to the E911 DBMS 137. In one 
embodiment, the transmission of the unique device identifier 
can be accomplished with an SNMP write command, while 
the unique device identifier itself can be a media access 
control (MAC) address 333 of the user device. From the 
MAC address 333, it is typically possible to identify both the 
class of device, and the particular device within that class. 
For instance, the MAC address 333 could identify the device 
as being a VoIP telephone generally, which belongs to a 
particular person to whom the phone has been assigned. 
Thus, the E911 DBMS is able to determine at least whether 
the device is a VoIP telephone 108, according to step 530 of 
FIGS 5A and 5B. 

0072) Next, if the user device is not a VoIP telephone 108, 
then the E911 DBMS ignores the user device, according to 
step 535. If the user device is a VoIP telephone 108, then the 
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E911 DBMS 137 transmits a physical location query to the 
network access device 102, according to step 540. The 
network access device 102 is configured to respond to the 
physical location query by transmitting the physical location 
identifier that was assigned to the input port 204 in step 505. 
In one embodiment, the physical location query can take the 
form of an SNMP read command, while the transmission of 
the physical location identifier can be accomplished with an 
SNMP write command. 

0073 Finally, in steps 550 and 555 of FIG. 5B, the E911 
DBMS 137 receives the physical location identifier from the 
VoIP telephone 108. With the physical location identifier, the 
E911 DBMS 137 can automatically update the ALI database 
139. 

0074. In an alternative embodiment, the above described 
method may be implemented to convey the unique device 
identifier and the physical location identifier to LIS 110. LIS 
110 can then periodically communicate with the E911 
DBMS 137 to update the ALI database 139. This embodi 
ment allows the host network administrator to track the 
location of a VoIP telephone 108 as it moves from access 
point to access point in host network 104. 
G. Conclusion 

0075 While various embodiments of the present inven 
tion have been described above, it should be understood that 
they have been presented by way of example only, and not 
limitation. It will be understood by those skilled in the 
relevant art(s) that various changes in form and details may 
be made therein without departing from the spirit and scope 
of the invention as defined in the appended claims. Accord 
ingly, the breadth and scope of the present invention should 
not be limited by any of the above-described exemplary 
embodiments, but should be defined only in accordance with 
the following claims and their equivalents. 

1-39. (canceled) 
40. A method of supporting enhanced 911 (E911) emer 

gency services in a network access device, comprising: 
assigning a physical location identifier to an input port of 

the network access device; 

detecting a Voice over Internet Protocol (VoIP) telephone 
coupled to said input port; 

authenticating said VoIP telephone, wherein said authen 
ticating comprises receiving a unique device identifier 
from said VoIP telephone: 

transmitting an automatic report to an E911 database 
management system (DBMS): 

transmitting said unique device identifier to an E911 
database management system in response to said 
detecting; and 

transmitting said physical location identifier of said user 
device to said E911 DBMS in response to a query from 
Said E911 DBMS. 

41. The method of claim 40, wherein said authenticating 
includes authenticating said VoIP telephone in accordance 
with an IEEE 802.1X protocol. 

42. The method of claim 40, wherein said assigning 
includes assigning a physical location identifier to said input 
port that corresponds to a physical location of a termination 
point of said input port. 
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43. The method of claim 40, wherein said authenticating 
includes receiving a unique device identifier that comprises 
a telephone number of said VoIP telephone. 

44. The method of claim 40, wherein said authenticating 
includes receiving a unique device identifier that comprises 
an Internet Protocol (IP) address of said VoIP telephone. 

45. The method of claim 40, wherein said authenticating 
includes receiving a unique device identifier that comprises 
a media access control (MAC) address of said VoIP tele 
phone. 

46. A method of supporting enhanced 911 (E911) emer 
gency services in a network access device, comprising: 

assigning a physical location identifier to an input port of 
the network access device; 

detecting a Voice over Internet Protocol (VoIP) telephone 
coupled to said input port; 

authenticating said VoIP telephone, wherein said authen 
ticating comprises receiving a unique device identifier 
from said VoIP telephone: 

transmitting an automatic report to an E911 database 
management system (DBMS): 

transmitting said unique device identifier to said E911 
DBMS in response to a query from said E911 DBMS; 
and 

transmitting said physical location identifier to an E911 
database management system in response to said 
detecting and said authenticating. 

47. The method of claim 46, wherein said authenticating 
includes authenticating said VoIP telephone in accordance 
with an IEEE 802.1X protocol. 

48. The method of claim 46, wherein said assigning 
includes assigning a physical location identifier to said input 
port that corresponds to a physical location of a termination 
point of said input port. 

49. The method of claim 46, wherein said authenticating 
includes receiving a unique device identifier that comprises 
a telephone number of said VoIP telephone. 

50. The method of claim 46, wherein said authenticating 
includes receiving a unique device identifier that comprises 
an Internet Protocol (IP) address of said VoIP telephone. 

51. The method of claim 46, wherein said authenticating 
includes receiving a unique device identifier that comprises 
a media access control (MAC) address of said VoIP tele 
phone. 

52. A network access device that supports enhanced 911 
(E911) emergency services, comprising: 

an input port; 
a Switching fabric for routing data received via said input 

port to at least one output port; and 
control logic adapted to 

assign a physical location identifier to said input port; 
detect a Voice over Internet Protocol (VoIP) telephone 

coupled to said input port; 

authenticate said VoIP telephone, wherein said authen 
ticating comprises receiving a unique device identi 
fier from said VoIP telephone; 

transmit an automatic report to an E911 database man 
agement system (DBMS): 
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transmit said unique device identifier to an E911 data 
base management system in response to said detect 
ing; and 

transmit said physical location identifier of said user 
device to said E911 DBMS in response to a query 
from Said E911 DBMS. 

53. The network access device of claim 52, wherein said 
control logic adapted to authenticate includes control logic 
adapted to authenticate said VoIP telephone in accordance 
with an IEEE 802.1X protocol. 

54. The network access device of claim 52, wherein said 
control logic adapted to assign includes control logic 
adapted to assign a physical location identifier to said input 
port that corresponds to a physical location of a termination 
point of said input port. 

55. The network access device of claim 52, wherein said 
control logic adapted to authenticate includes control logic 
adapted to receive a unique device identifier that comprises 
a telephone number of said VoIP telephone. 

56. The network access device of claim 52, wherein said 
control logic adapted to authenticate includes control logic 
adapted to receive a unique device identifier that comprises 
an Internet Protocol (IP) address of said VoIP telephone. 

57. The network access device of claim 52, wherein said 
control logic adapted to authenticate includes control logic 
adapted to receive a unique device identifier that comprises 
a media access control (MAC) address of said VoIP tele 
phone. 

58. A network access device that supports enhanced 911 
(E911) emergency services, comprising: 

an input port; 

a Switching fabric for routing data received via said input 
port to at least one output port; and 

control logic adapted to 
assign a physical location identifier to said input port; 
detect a Voice over Internet Protocol (VoIP) telephone 

coupled to said input port; 

authenticate said VoIP telephone, wherein said authen 
ticating comprises receiving a unique device identi 
fier from said VoIP telephone: 

transmit an automatic report to an E911 database man 
agement system (DBMS): 

transmit said unique device identifier to said E911 
DBMS in response to a query from said E911 
DBMS; and 

transmit said physical location identifier to an E911 
database management system in response to said 
detecting and said authenticating. 

59. The network access device of claim 58, wherein said 
control logic adapted to authenticate includes control logic 
adapted to authenticate said VoIP telephone in accordance 
with an IEEE 802.1X protocol. 

60. The network access device of claim 58, wherein said 
control logic adapted to assign includes control logic 
adapted to assign a physical location identifier to said input 
port that corresponds to a physical location of a termination 
point of said input port. 

61. The network access device of claim 58, wherein said 
control logic adapted to authenticate includes control logic 
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adapted to receive a unique device identifier that comprises 
a telephone number of said VoIP telephone. 

62. The network access device of claim 58, wherein said 
control logic adapted to authenticate includes control logic 
adapted to receive a unique device identifier that comprises 
an Internet Protocol (IP) address of said VoIP telephone. 

63. The network access device of claim 58, wherein said 
control logic adapted to authenticate includes control logic 
adapted to receive a unique device identifier that comprises 
a media access control (MAC) address of said VoIP tele 
phone. 

64. An apparatus of supporting enhanced 911 (E911) 
emergency services in a network access device, comprising: 
means for assigning a physical location identifier to an 

input port of the network access device; 
means for detecting a Voice over Internet Protocol (VoIP) 

telephone coupled to said input port; 
means for authenticating said VoIP telephone, wherein 

said authenticating comprises receiving a unique 
device identifier from said VoIP telephone; 

means for transmitting an automatic report to an E911 
database management system (DBMS): 

means for transmitting said unique device identifier to an 
E911 database management system in response to said 
detecting; and 

means for transmitting said physical location identifier of 
said user device to said E911 DBMS in response to a 
query from said E911 DBMS. 

65. The apparatus of claim 64, wherein said means for 
authenticating includes means for authenticating said VoIP 
telephone in accordance with an IEEE 802.1X protocol. 

66. The apparatus of claim 64, wherein said means for 
assigning includes means for assigning a physical location 
identifier to said input port that corresponds to a physical 
location of a termination point of said input port. 

67. The apparatus of claim 64, wherein said means for 
authenticating includes means for receiving a unique device 
identifier that comprises a telephone number of said VoIP 
telephone. 

68. The apparatus of claim 64, wherein said means for 
authenticating includes means for receiving a unique device 
identifier that comprises an Internet Protocol (IP) address of 
said VoIP telephone. 

69. The apparatus of claim 64, wherein said means for 
authenticating includes means for receiving a unique device 
identifier that comprises a media access control (MAC) 
address of said VoIP telephone. 

70. A apparatus of supporting enhanced 911 (E911) emer 
gency services in a network access device, comprising: 
means for assigning a physical location identifier to an 

input port of the network access device; 
means for detecting a Voice over Internet Protocol (VoIP) 

telephone coupled to said input port; 

means for authenticating said VoIP telephone, wherein 
said authenticating comprises receiving a unique 
device identifier from said VoIP telephone; 

means for transmitting an automatic report to an E911 
database management system (DBMS): 
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means for transmitting said unique device identifier to 
said E911 DBMS in response to a query from said E911 
DBMS; and 

means for transmitting said physical location identifier to 
an E911 database management system in response to 
said detecting and said authenticating. 

71. The apparatus of claim 70, wherein said means for 
authenticating includes means for authenticating said VoIP 
telephone in accordance with an IEEE 802.1X protocol. 

72. The apparatus of claim 70, wherein said means for 
assigning includes means for assigning a physical location 
identifier to said input port that corresponds to a physical 
location of a termination point of said input port. 

73. The apparatus of claim 70, wherein said means for 
authenticating includes means for receiving a unique device 
identifier that comprises a telephone number of said VoIP 
telephone. 

74. The apparatus of claim 70, wherein said means for 
authenticating includes means for receiving a unique device 
identifier that comprises an Internet Protocol (IP) address of 
said VoIP telephone. 

75. The apparatus of claim 70, wherein said means for 
authenticating includes means for receiving a unique device 
identifier that comprises a media access control (MAC) 
address of said VoIP telephone. 

76. A program storage device readable by a machine, 
tangibly embodying a program of instructions executable by 
the machine to perform a method of Supporting enhanced 
911 (E911) emergency services in a network access device, 
the method comprising: 

assigning a physical location identifier to an input port of 
the network access device; 

detecting a Voice over Internet Protocol (VoIP) telephone 
coupled to said input port; 

Nov. 1, 2007 

authenticating said VoIP telephone, wherein said authen 
ticating comprises receiving a unique device identifier 
from said VoIP telephone: 

transmitting an automatic report to an E911 database 
management system (DBMS): 

transmitting said unique device identifier to an E911 
database management system in response to said 
detecting; and 

transmitting said physical location identifier of said user 
device to said E911 DBMS in response to a query from 
Said E911 DBMS. 

77. A program Storage device readable by a machine, 
tangibly embodying a program of instructions executable by 
the machine to perform a method of Supporting enhanced 
911 (E911) emergency services in a network access device, 
the method comprising: 

assigning a physical location identifier to an input port of 
the network access device; 

detecting a Voice over Internet Protocol (VoIP) telephone 
coupled to said input port; 

authenticating said VoIP telephone, wherein said authen 
ticating comprises receiving a unique device identifier 
from said VoIP telephone: 

transmitting an automatic report to an E911 database 
management system (DBMS): 

transmitting said unique device identifier to said E911 
DBMS in response to a query from said E911 DBMS; 
and 

transmitting said physical location identifier to an E911 
database management system in response to said 
detecting and said authenticating. 
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